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Objective: This study aimed to investigate the diagnostic utility of the modified lung ultrasound score (MLUS) in distinguishing between Mycoplasma pneumonia and viral pneumonia in children and evaluate their severity.



Methods: A prospective collection of 137 suspected cases of community-acquired pneumonia in children admitted to the Quanzhou Maternity and Children's Hospital in Quanzhou City, Fujian Province, from January 2023 to December 2023 constituted the study cohort. All patients underwent lung ultrasound examinations, and MLUS scores were assigned based on ultrasound findings, including pleural lines, A-lines, B-lines, and lung consolidations. Based on the pathogenic results, the patients were categorized into the Mycoplasma pneumonia (74 cases) and viral pneumonia (63 cases) groups. The severity was classified as mild (110 cases) or severe (27 cases). The diagnostic value of MLUS for Mycoplasma pneumonia and viral pneumonia in children was analyzed.



Results: (1) MLUS scores were significantly different between the Mycoplasma pneumonia (15, 10–21) and viral pneumonia (8, 5–16) groups (P = 0.002). ROC curve analysis indicated that using a cut-off value of 11, MLUS exhibited a sensitivity of 70.3%, specificity of 58.7%, and an area under curve (AUC) of 0.653 for diagnosing Mycoplasma pneumonia. Furthermore, large-area lung consolidation on ultrasound images demonstrated good diagnostic performance for predicting Mycoplasma pneumonia, with an AUC of 0.763, a sensitivity of 71.6%, and a specificity of 81.0%. (2) MLUS scores were significantly different between the mild pneumonia (10.5, 5–17) and severe pneumonia (21, 16–29) groups (P < 0.001). ROC curve analysis using a cut-off value of 16 showed a sensitivity of 77.8%, specificity of 73.6%, and AUC of 0.818 for diagnosing severe pneumonia. Multivariate regression analysis revealed that both MLUS and white blood cell count were independent factors influencing the severity. The constructed nomogram model demonstrated robust stability with a sensitivity of 85.2%, a specificity of 74.5%, and an AUC of 0.858 for predicting severe childhood pneumonia.



Conclusion: MLUS, coupled with ultrasound signs of large-area lung consolidation, had reference significance for the differential diagnosis of Mycoplasma pneumonia and viral pneumonia in children and can be a preliminary assessment of the severity of viral pneumonia or mycoplasma pneumonia in children.
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1 Introduction

Pneumonia is a prevalent infectious respiratory disease in children, with a substantial proportion of cases falling under the category of community-acquired pneumonia (CAP). CAP accounts for 14% of the total deaths in children below the age of five, contributing to approximately 800,000 child fatalities each year (1). Pathogens associated with CAP encompass viruses, bacteria, and Mycoplasma, with Mycoplasma being the most frequently detected pathogen in hospitalized children aged ≥5 with CAP (2). The proportion of Mycoplasma pneumonia and refractory Mycoplasma pneumonia infections among severe pneumonia cases have been escalating in recent years. Despite systematic drug interventions, certain children experience health deterioration and prolonged illness owing to various factors. The current definitive diagnosis of Mycoplasma pneumonia relies primarily on mycoplasma culture, serological examination, and molecular biology. However, mycoplasma culture is time-consuming, serological examinations exhibit low sensitivity, and molecular biology diagnosis requires sophisticated equipment and technical expertise (3). Respiratory viruses are the predominant pathogens causing CAP in children under 5 years (4). Among these, respiratory syncytial virus (RSV) results in 2% mortality in children under 5 years and 3.6% mortality in infants aged 28 days to 6 months (5). Diagnosing respiratory viral infections depends primarily on nucleic acid detection; however, this approach yields a high false-negative rate. Although patients with Mycoplasma pneumonia and viral pneumonia present similar clinical symptoms, their treatment and prognosis differ significantly. Hence, early differentiation and standardized treatment of Mycoplasma pneumonia and viral pneumonia are crucial to improve outcomes.

In recent years, the field of lung ultrasonography has witnessed rapid development and widespread application in the evaluation of pulmonary diseases in neonates and children. Despite the overlapping clinical symptoms, laboratory tests, and imaging findings between Mycoplasma pneumonia and viral pneumonia, distinct characteristics are still evident in lung ultrasound manifestations (6). The features of viral pneumonia on ultrasound predominantly include abnormal pleural lines, B-lines, diffused B-lines, and small-area lung consolidations. Contrastingly, Mycoplasma pneumonia is more likely to exhibit large-area lung consolidations, bronchial signs, and pleural effusion. Research suggests that lung ultrasound can serve as a sensitive detection tool and aid in the etiological diagnosis of childhood CAP (7). Although multiple lung consolidations may be detected in patients with viral or Mycoplasma pneumonia, the depth of lung consolidations in Mycoplasma pneumonia (median: 20 mm) surpasses that in viral pneumonia (median: 15 mm) (8). Lung ultrasound distinguishes the ultrasound features of pneumonia caused by different pathogens and is associated with pneumonia severity. Evaluating the size of ultrasound-consolidated lung lesions aids in assessing the severity of pneumonia in children, thereby offering a basis for clinical treatment plans (9).

The quantitative assessment of pulmonary diseases using lung ultrasound represents a recent advancement. Although the literature on lung ultrasound is limited, lung ultrasound (LUS) scores quantify the severity and outcomes of pulmonary diseases and differentiate between viral and bacterial pneumonia. In patients with COVID-19 pneumonia, LUS significantly increases with disease severity (10). Tung-Chen et al. (11) employed a 12-zone lung ultrasound score method to analyze 30 cases of severe acute respiratory syndrome pneumonia caused by type 2 coronavirus and 10 cases of bacterial pneumonia. A cut-off value of 10 was used to distinguish between bacterial and viral pneumonia. Our team previously employed the modified lung ultrasound score (MLUS) to quantitatively assess changes in the condition and treatment effects of neonatal respiratory distress and achieved positive outcomes (12, 13). Currently, reports on MLUS usage to differentiate between Mycoplasma pneumonia and viral pneumonia are scarce. However, some researchers have used chest CT to distinguish between COVID-19 and Mycoplasma pneumonia. Imaging manifestations reveal that the COVID-19 pneumonia lesions are generally located in the peripheral posterior region, whereas Mycoplasma pneumonia lesions are distributed along the bronchi (14). We speculate that MLUS may be employed to quantitatively score and differentiate between Mycoplasma pneumonia and viral pneumonia and assess their severity based on this.

Therefore, this study aimed to use MLUS to differentiate between Mycoplasma pneumonia and viral pneumonia early and to quantitatively assess the severity of childhood pneumonia to promote the MLUS application.



2 Materials and methods


2.1 Study subjects

This prospective study was conducted from January 2023 to December 2023 at Quanzhou Maternity and Children's Hospital in Quanzhou, Fujian, China. Pediatric patients with experimental pneumonia were included based on the following diagnostic criteria for pneumonia:


	1.Clinical diagnosis and severity classification of pneumonia referred to the “Management of Community-Acquired Pneumonia in Infants and Children Over 3 Months: Guidelines of the Pediatric Infectious Diseases Society and the Clinical Practice Guidelines of the Infectious Diseases Society of America” (15).

	2.Patients with positive Mycoplasma pneumonia detection was included in the Mycoplasma pneumonia group, and those with positive viral detection were included in the viral pneumonia group.

	3.All patients underwent lung ultrasound and chest CT examinations.



The exclusion criteria included pneumonia induced by foreign body inhalation, severe immunosuppression, complex congenital diseases, and mixed infections with multiple pathogens. Based on the microbiological results of the children as the gold standard, 137 cases comprising 72 males and 65 females, with ages ranging from 0.25 to 12 years (mean age: 4.891 ± 2.926 years) were included. The participants were divided into mycoplasma pneumonia group (74 patients) and viral pneumonia group (63 patients). The diagnosis of mycoplasma pneumonia is made by combined testing, including nucleic acid testing (detection of Mycoplasma pneumoniae DNA or RNA by PCR technique in throat swab, sputum, or bronchoalveolar lavage fluid samples from patients) and serological testing (detection of specific antibodies in blood samples from patients).Viral pneumonia is diagnosed by nucleic acid testing. Based on the severity of the disease, the children were further classified into mild (110 cases) and severe (27 cases) groups. Severe pneumonia is defined as severe ventilation dysfunction or Intrapulmonary and extrapulmonary complications in children with pneumonia. This includes one or more of the following: poor general health; disturbance of consciousness; purple skin; rapid breathing; hypoxemia; high fever; dehydration; severe chest x-ray or chest CT findings; as well as extrapulmonary complications. This study was approved by the Quanzhou Maternity and Children's Hospital Ethics Committee (Ethics Review No. 112 of 2023). Informed consent was obtained from each child's guardian. Figure 1 illustrates the inclusion and exclusion processes of the study participants.


[image: Figure 1]
FIGURE 1
Flow chart of inclusion and exclusion of subjects.




2.2 Instruments and methods

A GE Voluson E8 color Doppler ultrasound machine was used with an 11 MHz linear array probe and a 5 MHz convex array probe. The patients were positioned in the supine, lateral, prone, and sitting positions. The linear array probe was placed vertically along the intercostal space, longitudinally and transversely, from top to bottom and right to left. The convex array probe was used below the ribs to scan along the rib edge, and each area was evaluated individually. The ultrasound score for each region was recorded, with the most severe ultrasound score and the presence of B-lines, large-area lung consolidations, small-area lung consolidations, and pleural effusion. Each patient was examined by two radiologists with >five years of experience in lung ultrasound examination. The collected lung ultrasound images were then stored and scored by another senior radiologist to obtain a score.

The modified lung ultrasound score (MLUS) was determined using a method developed by our team (12, 13), utilizing a 14-zone approach. The lungs were divided into seven regions on each side, using lines drawn from the sternal edge, anterior axillary line, posterior axillary line, posterior midline, and connecting nipples, resulting in a total score of 70. The scoring criteria for the modified lung ultrasound images are shown in Figure 2. A score of 0 indicated that the A-lines were predominant, with scattered (<3) B-lines. A score of 1 indicated that multiple non-fused B-lines. A score of 2 indicated that dense, partially fused B-lines.A score of 3 indicated that completely fused B-lines. A score of 4 indicated abnormal pleural lines with small-area (<1 cm depth) subpleural lung consolidations. A score of 5 indicated abnormal pleural lines with large-area (>1 cm depth) lung consolidations.


[image: Figure 2]
FIGURE 2
The scoring criteria for the modified lung ultrasound images. (A) A-line is dominant, <3 non-fused B-lines(0 point); (B) multiple non-fused B-lines(1 point); (C) dense, partially fused B-lines(2 points); (D) completely fused B-lines(3 points) (E) abnormal pleural line with a small range (depth <1 cm) of subpleural lung consolidation(4 points); (F) abnormal pleural line with large-area (depth >1 cm) lung consolidation(5 points).




2.3 Statistical analysis

Statistical software (SPSS 27.0) was used for all analyses. For normally distributed quantitative data, the results are presented as the mean, and for non-normally distributed data, the results are presented as the median (IQR). The Mann–Whitney U-test was used to compare the two groups. Count data were presented as n (%), and the chi-square test, or Fisher's exact test, was used to compare groups. Logistic regression was used to analyze factors influencing disease severity. The ROC curve was used to evaluate the predictive value of the scores and ultrasound signs, and the DeLong test was used to compare the predictive values. Construct a column chart using the “rms” package in R software 4.3.2, and evaluate the model fit through calibration curves. Statistical significance was set at P < 0.05.




3 Results


3.1 Comparison of the Mycoplasma pneumonia and viral pneumonia groups


3.1.1 Comparison of clinical and ultrasound indicators between the Mycoplasma pneumonia and viral pneumonia groups

Differences in age, fever, wheezing, white blood cell count, modified lung ultrasound score, large-area consolidations, pleural effusion, and lesion location were statistically significant in Mycoplasma pneumonia and viral pneumonia groups (P < 0.05, Table 1). The mean MLUS score in the Mycoplasma pneumonia group was 15 (10,21), which was higher than that in the viral pneumonia group (8, 5, 16). The Mycoplasma pneumonia group was more likely to exhibit large-area lung consolidations on ultrasound than the viral pneumonia group (P < 0.05).Chest CT examination was positive for pneumonia in all patients.


TABLE 1 Comparison of indicators between the mycoplasma pneumonia and viral pneumonia groups.
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3.1.2 Prediction of Mycoplasma pneumonia using modified lung ultrasound score, large-area lung consolidations, and pleural effusion

The results of the ROC curve analysis (Figure 3) showed that the modified lung ultrasound score and large-area lung consolidation had predictive values for Mycoplasma pneumonia. When the modified lung ultrasound score was ≥11 points, the prediction of Mycoplasma pneumonia had an AUC of 0.653, with a sensitivity of 70.3% and specificity of 58.7%. The presence of large-area lung consolidations had good diagnostic efficiency for predicting Mycoplasma pneumonia, with an AUC of 0.763, a sensitivity of 71.6%, and a specificity of 81.0%. The DeLong test indicated that the difference in predictive value between the modified lung ultrasound score and large-area lung consolidations for Mycoplasma pneumonia was statistically significant (Z = 2.943, P < 0.05). Similarly, the comparison between large-area lung consolidation and pleural effusion was statistically significant (Z = 4.376, P < 0.05), whereas no significant difference was observed between the modified lung ultrasound score and pleural effusion (Z = 1.493, P > 0.05; Table 2).


[image: Figure 3]
FIGURE 3
The diagnostic efficacy of modified lung ultrasound score and large-area lung consolidation in predicting mycoplasma pneumonia.



TABLE 2 Prediction of mycoplasma pneumonia by modified lung ultrasound score, large-area lung consolidation and pleural effusion.
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3.2 Comparison of clinical and ultrasound indicators between mild pneumonia and severe pneumonia groups


3.2.1 Comparison of clinical and ultrasound indicators between the mild and severe pneumonia groups and construction of a predictive model

The comparison between the mild and severe groups showed statistically significant differences in age, fever, wheezing, CRP, white blood cell count, MLUS score, pleural effusion, and pathogens (P < 0.05; Table 3), suggesting the potential factors influencing severity. The MLUS score in the severe group was 21 (16,29), which was higher than the 10.5 (5,17) in the mild group (Z = −5.084, P < 0.05).


TABLE 3 Comparison of clinical and ultrasound indicators between mild pneumonia and severe pneumonia groups.
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3.2.2 Construction of a line chart for predicting the risk of severe pneumonia using modified lung ultrasound score and white blood cell count

The multivariate logistic regression analysis (Table 4) results indicated that MLUS and white blood cell count were independent risk factors for severity. Both higher MLUS scores and higher white blood cell counts were associated with a higher risk of severity. The other indicators were not independent risk factors for severe pneumonia. A nomogram constructed using these two factors is shown in Figure 4. The C-index of the nomogram model was 0.858, indicating good clinical effectiveness. Internal validation using the bootstrap method showed good consistency between the actual observations and line chart predictions, with an absolute error of 0.022, indicating high model calibration (Figure 5). The ROC curve evaluation of the model's predictive value for severity showed an AUC (95% CI) of 0.858 (0.779–0.936), indicating a certain predictive value for prognosis. When the optimal cut-off value was selected, the sensitivity and specificity were 85.2% and 74.5%, respectively, suggesting good predictive model performance (Figure 6).


TABLE 4 Results of logistic regression analysis of influencing factors of severe pneumonia.
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FIGURE 4
Nomogram of the prediction of severe pneumonia by modified lung ultrasound score and white blood cell count.



[image: Figure 5]
FIGURE 5
Calibration curve of the nomogram.
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FIGURE 6
Differentiation degree of the nomogram.




3.2.3 Prediction of pneumonia severity using modified lung ultrasound score

The results of the ROC curve analysis (Figure 7) showed that the modified lung ultrasound score had a certain predictive value for severity. When the score was ≥16 points, the likelihood of severe pneumonia increased, showing good diagnostic efficiency with an AUC of 0.818, sensitivity of 77.8%, and specificity of 73.6%.


[image: Figure 7]
FIGURE 7
The diagnostic efficacy of modified lung ultrasound score in predicting severe pneumonia.






4 Discussion

Our study found that MLUS scoring effectively distinguished between mild and severe pneumonia, consistent with the results of previous studies (16). The severity of the condition increased along with an increase in the lung ultrasound score, indicating poorer lung ventilation. During pneumonia, a reduced lung ventilation function, inflammatory exudation in the lung interstitium and alveoli, and increased water content in the lung lead to increased high-echo B-lines from the pleura to the deep lungs on ultrasound, indicating fusion. With increasing water in the lung, lung ventilation disappeared, and ultrasound showed lung consolidation. Different images may be observed on ultrasound as the lung tissue undergoes varying degrees of deaeration. Therefore, evaluation of the severity of pneumonia using ultrasound is feasible. Using a 14-zone approach increases the coverage of both lungs and provides a more detailed assessment by exploring bilateral lung bases. Pneumonia can cause increased lung water, gravitational settling of lung water, and increased probing of the lung base, resulting in a more detailed score. Thus, MLUS can be used for the early quantitative assessment of pneumonia severity. Early intervention should be emphasized when the MLUS score is ≥16 points. The results of this study further suggest that the model for distinguishing between mild and severe childhood pneumonia constructed using MLUS scores and white blood cell counts is robust and has good diagnostic efficiency. Therefore, it can be used for early prediction and intervention to reduce adverse outcomes of childhood pneumonia.

This is the first study to use MLUS for the differential diagnosis of childhood Mycoplasma pneumonia and viral pneumonia. The results indicate that MLUS can differentiate between Mycoplasma pneumonia and viral pneumonia, with a sensitivity of 70.3% and specificity of 58.7% when the MLUS score is ≥11 points. Although the diagnostic efficiency of MLUS for distinguishing between Mycoplasma pneumonia and viral pneumonia is slightly lower than that of ultrasound signs of lung consolidation (depth greater than 10 mm), research suggests that in the early stages of viral pneumonia or Mycoplasma pneumonia, large or multilobar consolidation is less commonly seen on tracheal imaging (17). Therefore, MLUS combined with large-area lung consolidation remains necessary to distinguish between Mycoplasma pneumonia and viral pneumonia. Adhesive proteins on Mycoplasma pneumonia allow the bacterium to adhere to the respiratory mucosal epithelial cilia for self-replication, disrupt respiratory defense functions, and directly damage the respiratory epithelium, causing bronchial mucosal edema, thickening of the bronchial wall, and other signs of bronchitis (18). Therefore, the lesions followed the course of the bronchus, and ultrasound signs showed large-area lung consolidation. In contrast, viral pneumonia mainly presents with diffuse interstitial inflammation and alveolar damage, including apoptosis and shedding of alveolar epithelial cells, formation of transparent pulmonary membranes, significantly widened interlobular spaces, and infiltration of inflammatory cells, including lymphocytes and monocytes (19). Therefore,ultrasound signs of viral pneumonia commonly include increased B-lines and small-area lung consolidation.

In clinical practice, lung ultrasound can be used to distinguish severe pneumonia from mild pneumonia. But for the etiological diagnosis of pneumonia infection, there is a need for microbiological examination. The results of this study indicate that MLUS can be used to distinguish mycoplasma pneumonia from viral pneumonia. We also found that the ultrasound signs of extensive pneumonia consolidation were effective in diagnosing mycoplasma pneumonia, with AUC = 0.763, sensitivity 71.6%, and specificity 81.0%. Mycoplasma pneumonia is more likely to be diagnosed when children are older than 5 years old. It usually occurs in autumn and winter. The onset is slow, the first dry cough is followed by expectoration, there is no rales on lung ausculation, the lung ultrasound shows large-scale consolidation, and the modified lung ultrasound score is more than 11. When children with suspected pneumonia are younger than 5 years old, onset in winter and spring, sudden onset, wheezing, wet rales on lung auscultation, small range of lung consolidation on lung ultrasound, and the modified lung ultrasound score is less than 11, we are more inclined to diagnose viral pneumonia. However, the current study mainly included cases of mycoplasma pneumonia and viral pneumonia, and bacterial pneumonia was not included in the scope of the study. Previous studies have shown that the depth of consolidation of bacterial pneumonia is greater than that of mycoplasma pneumonia and viral pneumonia. For example, Streptococcus pneumoniae often causes lobar pneumonia with a large range of lesions. In the future, we will further investigate the differences in lung ultrasound caused by more types of pathogenic pathogens.

This study had some limitations. The 14-zone method used in the lung area only divides large and small consolidations based on depth without measuring the total number of lung consolidations in each zone. In addition, deep lesions in the lung may not be visible on ultrasound due to gas obstruction, and the condition of the superficial lung may not reflect the overall condition of the lung disease. The acquisition and interpretation of lung ultrasound images depend on the operator's skill and proficiency, introducing some subjectivity to the scoring results.



5 Conclusion

MLUS can effectively quantify the severity of childhood Mycoplasma pneumonia and viral pneumonia, and there are some references which, when combined with ultrasound signs of large-area lung consolidations,can help distinguish between these conditions. Its simple evaluation method, lack of radiation damage, and role as a vital auxiliary examination tool make it advantageous for clinical diagnosis and treatment.
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